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In this study , we report coexpression of transforming 
growth factor-/? (TGF-0) and interleukin- 1 0 (IL-10) in 
pancreatic carcinoma tissue associated with signifi- 
cantly elevated levels of both cytokines in the sera of 
pancreatic carcinoma patients. Using conditioned me- 
dia (CM) of pancreatic carcinoma cells, we further 
demonstrate that tumor cell-derived TGF-0 and IL-10 
inhibited in an additive fashion both proliferation 
and the development of Thl-like responses in periph- 
eral blood mononuclear cell (PBMC) preparations de- 
rived from normal donors. The antiproliferative and 
Thl -suppressive activities contained in CM of pancre- 
atic carcinoma cells were due primarily to IL-10 
and/or TGF-fl, as shown by the capacity of cytokine- 
specific neutralizing antibodies to reverse these ef- 
fects. Finally, as compared to normal controls, PBMC 
derived from pancreatic carcinoma patients dis- 
played a Th2-Hke cytokine expression pattern upon 
activation with either anti-CD3 antibody or Staphylo- 
coccus aureus strain Cowan I. Taken together, these 
results suggest that aberrant production of TGF-0 and 
IL-10 in pancreatic tumor patients skews T-cell cyto- 
kine production patterns in favor of a Th2 immuno- 
phenotype. (Am J Pathol 1999, 155:537-547) 

The recent isolation from tumor patients of T lymphocytes 
reactive with tumor-associated antigens* ~- underscores 
the notion that tumors can be immunogenic and. thus, are 
potential targets for immune destruction Eliciting or re- 
storing an effective antitumor immune response provides 
an attractive goai fo' the development of cancer vaccines 
and cancer immunotherapy A thorough understanding 
of the mechanisms by which neoplastic cells evade de- 



tection or destruction by the immune system is required 
to guide these efforts Tumor cells produce a variety of 
immunomodulatory cytokines that can stimulate or inhibit 
the host response to tumor cells (for a review see Ref 4). 
The present study was performed to explore the immu- 
nomodulatory activities of two such cytokines, transform- 
ing growth factor-j3 (TGF-B) and interleukm-10 (IL-10), 
both of which are aberrantly produced by human pan- 
creatic carcinoma cells (this study). 

TGF-0 is a 25-kd dimeric cytokine with pleiotrophic 
effects on a wide spectrum of target cells Three highly 
conserved isoforms of human TGF-0 (1-3) encoded by 
separate genes are known; the TGF-j3 isoforms share 
considerable structural and sequence homology and ex- 
ert similar effects when tested in biological systems."' 
Aberrant expression of different TGF-fi isoforms is wide- 
spread among human tumors, f: including pancreatic 
carcinoma, 7 " breast carcinoma/' glioma, 10 17 and ma- 
lignant melanoma. 1 ^ 1f> In support of a significant tumor- 
protective role of TGF-ti in vivo, transfection of TGF-61 
into highly immunogenic mouse tumor cells has been 
shown to enable these cells to survive in immunocompe- 
tent syngeneic animals Ul Conversely, increased immu- 
nogenicity and decreased tumorigenicity in syngeneic 
animals was observed when TGF-0 production in rat 
gliobastoma cells was suppressed using antisense TGF- 
82. 17 In addition, neutralizing antibodies to TGF-0 have 
been shown to inhibit the tumorigenicity of human breast 
cancer cells in nude mice; this effect was associated with 
increased NK ceil activity 1M That tumor-derived TGF-/3 
may also contribute to immune evasion of human tumor 
cells is suggested by studies in glioma. An activity that 
inhibits proliferation of T cells and autologous lympho- 
kme-activated killer (LAK) cells was isolated from condi- 
tioned medium (CM) of glioma cells 1 '' and cyst fluid re- 
covered from the tumor bed of subtotally resected 
glioblastomas 70 ; this activity was shown to be TGF-J32. 
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IL-10, like TGF-0, is a cytokine that exerts multiple 
effects on the immune system relating to antigen presen- 
tation. B- and T-cell proliferation, cytokine production, 
and monocyte/macrophage function (for a review see 
Ref. 21). IL-10 prevents up-regulation of B-7 expression 
during macrophage activation^ and down-modulates 
expression of a broad range of cytokines in peripheral 
blood mononuclear cells (PBMC) preparations, including 
interferon-y (IFN^y); ,J IL-2/ 4 and tumor necrosis factor-a 
(TNF-cr) IL-10 has been found to be commonly ex- 
pressed in human carcinoma cells''' 1 ^ 7 and in melano- 
mas. /H ^' In melanoma patients increased serum tL-10 
levels have been described. 3 '' Whether IL-10 production 
by tumor cells is relevant to local and/or systemic antitu- 
mor immune responses in cancer patients is currently 
unclear 

In this study, we have examined expression patterns 
and functional consequences of TGF-/3 and IL-10 pro- 
duction by human pancreatic carcinoma cells for sys- 
temic T-cell responses in vitro and in vivo. To characterize 
the relative contributions of tumor-derived TGF-/3 and 
IL-10 on systemic immune parameters in pancreatic can- 
cer patients, we determined, in the presence and ab- 
sence of specific neutralizing antibodies to these cyto- 
kines, the effects of CM from pancreatic carcinoma cells 
on proliferative potential, cytotoxic activity, and the Th1/ 
Th2-like cytokine profiles upon activation of PBMC de- 
rived from normal donors To assess the potential effects 
of tumor-derived TGF-/3 and IL-10 in pancreatic cancer 
patients themselves, we also determined the Th1/Th2-like 
cytokine profiles of PBMC preparations obtained from 
these patients 



Materials and Methods 

Tissue Samples and Patients 

A group of 10 pancreatic carcinoma patients {seven men 
and three women, aged 46-71) who underwent surgical 
resections at the Department of Medical-Surgical Disci- 
plines (University of Torino, Torino, Italy) were included in 
this study All patients were affected with histopatholog- 
ically confirmed primary pancreatic duct adenocarcino- 
mas representing stage II (n = 2), stage III (n - 3), and 
stage IV (n = 5) pancreatic neoplasms according to the 
classification by Warshaw and Fernandez-del Castillo. 31 
Pancreatic cancer tissue samples and normal pancreatic 
tissue were frozen in liquid nitrogen immediately after 
surgical removal and before RNA extraction. Venous 
blood from pancreatic carcinoma patients was collected 
before anesthesia and surgery. PBMCs from patients and 
age- and sex-matched healthy donors were separated by 
Ficoll-Hypaque gradient centnfugation and used imme- 
diately for analysis. Donor and patient serum samples 
were frozen at -70"C until analysis. 

Cell Lines and CM 

Human pancreatic carcinoma cell lines Capan2 (Ameri- 
can Type Culture Collection (ATCC). Rockville. MD). 




PT45. and BxPC3 (kindly provided by Dr. M. F DiRenzo, 
Department of Biomedical Sciences and Human Oncol- 
ogy, University of Torino, Torino. Italy) were grown in 
Dulbecco's modified Eagle's medium (DMEM) supple- 
mented with 10% fetal calf serum (GIBCO, Grand Island, 
NY) All cell lines were routinely screened for Mycoplasma 
contamination, using the Hoechst dye H33258. To obtain 
serum-free CM, Capan2. PT45, and BxPC3 cells were 
trypsinized. extensively washed with phosphate-buffered 
saline (pH 7 3), and seeded at 3 x lO'Vml in 5 ml of 
serum-free DMEM containing 0.25 vol% fatty acid-free 
bovine serum albumin fraction V (Boehringer Mannheim). 
After a 48-hour incubation in a humidified atmosphere 
containing 5% CO^, cell-free supernatants were col- 
lected after centnfugation. concentrated five-fold by fil- 
tration with Amicon Diaflo concentrators equipped with 
YM5 membranes {Danvers, MA), and stored at -70°C 
until use. 

Antibodies and Reagents 

The hybridoma-producing monoclonal antibody (mAb) 
OKT3 (anti-CD3) was obtained from the ATCC Neutral- 
izing anti-IL-10 goat and panspecific anti-TGF-j3 rabbit 
polyclonal antibodies were from R&D Systems Europe 
(Abingdon, England). For immunohistochemistry, rabbit 
antisera reacting specifically with TGF-/31, TGF-/32, or 
TGF-/33 {epitopes corresponding to amino acid se- 
quences mapping at the carboxy terminus of the precur- 
sor forms of TGF-01. TGF-02, and TGF-/33 of human 
origin, respectively) from Santa Cruz Biotechnology {San- 
ta Cruz, CA) and mAbs to IL-10 (JES-9D7 and 12G8) from 
Pharmmgen (San Diego, CA) were used. Recombinant 
human TGF-01, TGF-02, and TGF-/33 isofomns were ob- 
tained from R&D Systems Europe. Staphylococcus aureus 
strain Cowan ! {SAC) was from Calbiochem {La Jolla, CA) 
and was used at 1:10,000 final dilution. 

Cytokine Mapping by Reverse Transcription- 
Polymerase Chain Reaction (RT-PCR) 

Total RNA from normal and neoplastic pancreatic tissues 
and from the three pancreatic carcinoma cell lines in- 
cluded in this study was extracted with a commercially 
available kit based on the single-step RNAzol method 
{Cmna/Biotex. Houston, TX) Reverse transcription (RT) 
was performed at 37°C for 1 hour, using oligo-dT primer 
in a final reaction volume of 20 fi\ containing 20 U of 
MMLV reverse transcriptase, 1x reverse transcriptase 
buffer. 24 U of RNAse inhibitor, and 0.5 mmol/L dNTP 
mix For each polymerase chain reaction (PCR), 10 jil of 
first-strand cDNA was added to 20 ^\ of PCR mix 
containing 100 ng each of 5' and 3' cytokme-specific 
primers and 1 U Taq polymerase All PCR reagents 
were purchased from Life Technologies (Paisley, Scot- 
and) Human IL-10-specific primers were 5'-ATGC- 
CCCAAGCTGAGAACCAAGACCCA-3' (sense) and 5'- 
AAGTCTCAAGGGGCTGGGTCAGCTA-3' (antisense) 
PCR conditions were as follows 3 minutes at 94 : C 20 
seconds at 60~C. and 30 seconds at 72 C (32 cycles) 
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The predicted size of IL-10 amplimers was 325 bp. Hu- 
man TGF-/31-specific primers were 5'-GCCCTGGACAC- 
CAACTATTGC-3' (sense) and S'-GCACTTGCAG- 
GAGCGCA-3' (antisense) PCR conditions were as 
follows: 4 minutes at 95'C. 1 minute at 58 C C, and 35 
seconds at 72 ; C (32 cycles). The predicted size of 
TGF-/31 amplimers was 333 bp Human TGF-/32 and TGF- 
/33-specific primers were 5'-AAATGGATACACGAAC- 
CCAA-3' (sense) and 5'-GCTGCATTTGCAAGACTT- 
TAC-3' (antisense); 5'-AAGTGGGTCCATGAACCTAA-3' 
(sense) and 5 ' -GCTACATTTACAAG ACTTC AC-3 ' (anti- 
sense), respectively PCR conditions were as follows: 4 
minutes at 94°C, 20 seconds at 5TC. and 25 seconds at 
72 C C (32 cycles). The predicted size of both TGF-02 and 
TGF-/33 amplimers was 247 bp. Diagnostic restriction 
enzyme digestion of the PCR amplimers 13 was used to 
confirm the specificity of the primers used for the TGF-jS 
isoforms targeted. Human /3-act n primers and amplifica- 
tion conditions have been described by us previously. 3 "' 
PCR products were analyzed by size fractionation, using 
2% agarose gels stained with ethidium bromide. 

Immunohistochemical Detection of Cytokines 

Sections from paraffin-embedded pancreatic carcinoma 
tissue samples of the patients studied here were stained 
with antibodies to and TGF-/3 as described previ- 
ously. 3 '' TGF-/3 was detected using rabbit antisera react- 
ing specifically with either TGF-/31 , TGF-£2, or TGF-(33. In 
the case of IL-10 a combination of two rat mAbs (JES3- 
9D7 and 12G8) was used as described. 33 Specificity of 
the antibodies used was tested by preincubation with 
saturating amounts of the appropriate recombinant 
TGF-/3 isoforms or with IL-10 followed by immunostaining 
of tissue sections. 

Generation of LAK Cells and Cytotoxicity Assay 

PBMCs isolated by FicolLHypaque gradient separation 
were cultured for 6 days in RPMI 1640 medium supple- 
mented with 100 U/ml of IL-2 (a gift from Glaxo, Geneva, 
Switzerland) in the presence and absence of 20 vol% of 
5x concentrated CM of pancreatic carcinoma cell lines 
Capan2, PT45, and BxPC3 LAK activity of these PBMC 
preparations was evaluated using standard 4-hour M Cr 
release assays, 34 using the Burkitt lymphoma cell line 
Daudi as a target 

PBMC Proliferation Assay 

The proliferative response of T cells in response to anti- 
CD3 mAb OKT3 was determined by measuring [ 3 H]thy- 
midine (TdR) uptake PBMCs were cultured at 2 x 10 ; ' 
cells/well in OKT3-coated flat-bottom 96-well plates in the 
presence and absence of increasing concentrations of 
5x concentrated CM of pancreatic carcinoma cell lines 
BxPC3, Capan2, and PT45 After 48 hours of incubation, 
the cells were pulsed for 6 hours with 1 ^Ci [ 'H] I dR (6 7 
mCi/mmol; NEN-Dupont. Boston. MA) and harvested on 
glass fiber filters [ 'H]TdR uptake was measured using a 



/3-scintil lation counter. In selected experiments, cell line 
supernatants were premcubated for 1 hour at room tem- 
perature with neutralizing antisera to IL-10 ( 10 /nl/ml) and 
TGF-/3 (5 /xl/ml) or control antibodies before addition to 
PBMC cultures 

Determination of Cytokine Concentrations in 
Sera and CM 

IFN-y, IL-10, and IL-4 protein concentrations were deter- 
mined by enzyme-linked immunosorbent assay (ELISA), 
using kits commercially available from Biosource (Cam- 
arillo, CA). TGF-J31 and TGF-/32 concentrations were de- 
termined using ELISA kits available from Genzyme (Cam- 
bridge, MA) and from R&D Systems (Minneapolis, MN), 
respectively. The lower threshold of sensitivity of the 
IFN-7, IL-10, and IL-4 assays was 5 pg/ml, whereas the 
TGF-/31 and TGF-£2 assays had a sensitivity threshold of 
50 pg/ml. IL-12 levels were determined using a radioim- 
munoassay (RIA) specific for the p40 chain of IL-12 het- 
erodimer, as previously described. 3fl The lower threshold 
of detection of this assay was 30 pg/ml. 

Statistical Analysis 

To assess statistically significant differences between 
data sets, Student's r-tests for independent samples were 
performed using SigmaPlot software. 

Results 

Production of TGF-fi and IL-10 by Pancreatic 
Carcinoma Cells in Vivo and in Vitro 

To assess IL-10 and TGF-/3 production in pancreatic 
carcinoma patients, we determined IL-10, TGF-/31, and 
TGF-/32 serum concentrations in 10 pancreatic carci- 
noma patients. As compared to normal age- and sex- 
matched control donors not affected by obvious neoplas- 
tic or inflammatory diseases, significantly elevated mean 
serum levels of all three cytokines were observed in the 
majority of pancreatic cancer patients (Figure 1) The 
mean serum level of TGF-/31 in pancreatic carcinoma 
patients was 320.4 ± 252 ng/ml (mean ± SD) as com- 
pared to 70 8 ± 27.4 in normal controls (P < 0 05, Stu- 
dent's f-test for independent samples). The mean serum 
level of TGF-/32 In pancreatic carcinoma patients was 
947 ± 620 pg/ml, as compared to 380 ± 89 in normal 
controls (P < 0 05). The mean serum level of IL-10 in 
cancer patients was 233.7 ^ 13 6 pg/ml. as compared to 
40 4 + 17.2 in normal controls (P < 0 05). In seven of the 
patients tumor tissue was available for RT-PCR analysis 
of IL-10 and TGF-01 . -j32, and -J33 transcripts. Either IL-10 
and/or TGF-p amplimers of the expected size were iden- 
tified m several tumor tissue samples (Figure 2). Whereas 
expression of TGF-01. TGF-02 and IL-10 mRNAs was 
variable between different tumors, TGF-/33 amplimers 
were identified at comparably high levels in all pancreatic 
carcinoma tissue samples. In normal pancreatic tissue, 
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RT-PCR products corresponding to TGF-/33, but not TGF- 
/31. TGF-/32, or IL-10, were identified. Immunohistochem- 
ical analysis of TGF-/31. -p2, and -03 and IL-10 expres- 
sion confirmed expression of these cytokines by 
pancreatic carcinoma cells. Representative results are 
shown in Figure 3, revealing moderate to strong staining 
for all cytokines in tumor cells. 

We next examined production of TGF-0 and IL-10 by 
pancreatic carcinoma cell lines BxPC3, Capan2, and 
PT45 As assessed by RT-PCR analysis, all three cell 
lines expressed either IL-10 mRNA alone (Capan2). or 
TGF-/31 mRNA alone (PT45), or both cytokine mRNAs 



(BxPC3) (Figure 2} To account for overall TGF-0 expres- 
sion, we also determined by RT-PCR expression of 
TGF-jB2 and TGF-J33 mRNA m these ceils Primers spe- 
cific for TGF-02 and -/33 yielded amplification products of 
the predicted size in all three cell lines tested. Consistent 
with the RT-PCR results, TGF-/31 protein was secreted by 
BxPC3 and PT45 but not Capan2 cells, and IL-10 protein 
was detected by ELISA in CM of Capan2 and BxPC3 
cells but not PT45 cells (Table 1). In summary, whereas 
IL-10 was secreted by 2/3 pancreatic carcinoma cell 
ines. at least 2/3 known TGF-/3 isoforms were expressed 
by all three cell lines. 
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Effects of Media Conditioned by Pancreatic 
Carcinoma Cell Lines on LAK Activity and 
Proliferation of PBMCs 

To investigate functional consequences of IL-10 and 
TGF-/3 production by pancreatic carcinoma cells on 
immune parameters potentially relevant to tumor de- 
velopment, we next determined the effects of media 
conditioned by pancreatic carcinoma cell lines on lym- 
phokine-activated cytotoxicity and proliferative capacity 
of PBMC. First, the effects of CM on LAK activity of 
PBMCs derived from two normal donors was tested To 
this end. PBMCs were incubated for 6 days with 5x 
concentrated CM of pancreatic carcinoma cell lines 
added at 20 vol% to RPMI 1640 medium supplemented 
with IL-2 When LAK activity was determined by :i1 Cr 
release assays using Daudi target cells at effector-to- 
target ratios from 40:1 to 51, no significant change of 
cytotoxic activity was observed when compared to me- 
dium controls (not shown) Second, we determined the 
effects of pancreatic carcinoma CM on anti-CD3-depen- 
dent proliferation of PBMC obtained from three norma 
donors This was based on previous reports that both 
TGF-jy and IL-10 affect proliferation of several types o f 
immune cells, including T and B lymphocytes ' ,: ' v ' and 
NK cells " The addition of 5x concentrated pancre- 
atic carcinoma CM to culture media at concentrations 
ranging from 5 to 20 vol% resulted in dose-dependent 
inhibition of [ ; H]TdR uptake in all three PBMC prepara- 
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tions tested (Figure 4). To determine the relative contri- 
bution of TGF-/3 and IL-10 to this phenomenon, we used 
neutralizing antibodies known to inhibit the biological 
activity of either all three TGF-/3 isoforms and/or IL-10. 
These experiments demonstrated that a combination of 
the two neutralizing antibodies almost completely 
(>90%) reversed the PBMC growth-inhibitory activity 
produced by the three pancreatic carcinoma cell lines 
(Figure 5) As predicted by the cytokine production pat- 
terns (see Table 1 and Figure 2), the anti-IL-10 antibody 
had no significant effect in the case of PT45 cells that do 
not produce IL-10. However, the TGF-/3 antibody was 
sufficient to neutralize the growth-inhibitory activity 
present in PT45 conditioned medium. By contrast, in 
Capan2 and BxPC3 cells, the TGF-/3 antibody only par- 
tially reversed PBMC growth inhibition, whereas the IL-10 
antibody was more effective In summary, these results 
show that the PBMC antiproliferative activity present in 
pancreatic carcinoma CM was primarily accounted for by 
the combined action of IL-10 and TGF-/3. 

Effects of Tumor- Derived IL-10 and TGFfi on 
Cytokine Production by PBMCs 

In certain parasitic diseases such as infection with Leish- 
mania major, different patterns of cytokine production 
have been distinguished that correspond to the induction 
of functionally diverse T-cell subsets and seem to be 
associated with different clinical outcomes 4 ' Gener- 
ally, predominance of the Th1 cytokine pattern (IFN-y and 
IL-12) is associated with a vigorous cytotoxic T-cell re- 
sponse and favorable outcome, whereas the Th2 cyto- 
kine pattern (IL-4, IL-5, IL-10) is associated with chronic 
disease or disease progression. Upon antigenic stimula- 
tion, both IL-10" 4 and TGF-/3 4f ' 4fl have been shown to 
favor development of a Th2-like cytokine pattern and. 
thus, are likely to affect immune responses in vivo Based 
on these findings, we asked whether IL-10 and TGF-/3 
present in pancreatic carcinoma CM affected the pat- 
terns of Th1/Th2 cytokines produced by PBMC obtained 
from normal donors. Specifically, we tested whether pan- 
creatic carcinoma cell CM down-modulated the produc- 
tion of the Th1-associated cytokines IFN-y and IL-12 by 
PBMCs upon activation by either anti-CD3 antibody or 
SAC As determined by cytokine-specific ELISA or RIA, 
CM from all three pancreatic carcinoma cell lines signif- 
icantly (P < 0 05) reduced production of IFN-y (Table 2) 
and the p40 chain of IL-12 (Table 3) by PBMCs from three 
normal donors A combination of neutralizing antibodies 
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to IL-10 and JGF-fi abolished the inhibitory effect of all 
three pancreatic carcinoma CMs on both IFN-y and IL- 
12p40 production in the three PBMC preparations, ex- 
cept in two PBMC preparations pretreated with PT45 CM 
(Figure 6) Optimal neutralization of the effect of pancre- 
atic carcinoma CM on IFN-y production was observed 
with a combination of anti-iL-10 and anti-TGF-/3 antibod- 
ies. The antibody to IL-10 had a comparatively stronger 
effect in neutralizing the IL-12 suppressive activity con- 
tained in Capan2 and BxPC3 CM and a weaker effect on 
PT45 CM. It should be noted that the anti-IL-10 antibody 
effectively reduced the effect of PT45 CM on IFN-y pro- 
duction in 3/3 and on IL-12 production in 2/3 PBMC 
preparations, although PT45 did not produce IL-10 (see 
Table 1) In contrast to the anti-IL-10 antibody, the anti- 
TGF-£ antibody only moderately antagonized down-reg- 
ulation of IFN-y and IL-12 production by Capan2 and 
BxPC3 CM However, it was comparatively more effective 
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C.ip.m.!. [i\K:."V and I'Tii The L-t't't-L I > of jnti 11. I 1 *, and Tt il-'-Jti. ami .nih- 
il, in | ilu> .inn TCI /J ,itv shown mi .inli-C.n/Cindiked PBMC proliferation 
me.isuted in the .ihseme (eontrol) jml in tin- preseiue ot _M vol". CM 
derived from p.mi re.itu i.irniiMiiu ivl] lines (.ill other eondihons) Control 
enltures .ilso reet -iwil .mii-lL-ln .uul .u.t: li if ',i antibodies Column 1 f J) ot 
.ill expel iitn. iu.il i>r( mj >v show s I'lUIC proliferation in the presenee ol C.ip.in J 
CM eolumn 2(H) shows pioiileution in tin. preseiue of HxI'CI CM; .uul 
ii >htinn S i ) sin >w s pr< >lil\'r. ih< >n in tin- pti--finc < if FT n C ;.\! r.uh et >luinn 

sllOUS tile MIL 1 -ill ± Si) Ot tlllLL- 111 I. le | IL'tK le [1 1 L'X | KT11 1 K'htS USIll^ thlVC tilth.'! 

i. nt normal donors Results .ire expressed .is ,i percentage of LulTdK upr.ike 
rel.itive to th.il ot ivlts v;row n in the LihsLiue ot cither neiitr.ili/inj; .mtil lodies 
or CM No effect was obser\ed in the preseriee ol" .1 nonimmune r.ihhit 
antiserum used .is the eontrol ( data not shown). Asterisks indie. itc statistically 
significant differences W < h ).' is in students / tests) of data sets when 
compared to eontrols in the presence of anti-U.-in and anti- Rd -£l nculral- 
i/ini; .intihi idles 



in the case of PT45 CM. which produces TGF-/3 but not 
IL-10. These results are consistent with the view that 
production of either IL-10 alone or a combination of IL-10 
and TGF-p by pancreatic carcinoma cells contributes to 
the inhibition of Th 1 -like responses in naive PBMCs 

PBMCs from Pancreatic Carcinoma Patients 
Display a Th2-Like Cytokine Expression Pattern 

To address whether elevated TGF-/3 and IL-10 serum 
levels in pancreatic carcinoma patients may similarly af- 
fect the Th1/Th2-balance in vivo, we tested production of 
Th1 (IFN-y, IL-12) and Th2 (IL-4) cytokines in PBMC 
preparations of six pancreatic carcinoma patients upon 
stimulation with either anti-CD3 antibody or SAC (Table 
4) We observed a clear preference for production of the 
Th2 cytokine IL-4 but not the Th1 cytokines IFN-y and 



Table 2. tditvts of Media Conditioned by I'anc tlmIu 

Carcinoma Cells on It-'N-y I'rodiution hy Normal 
[Mi.MCs Stimulated with Anti-CO^ Antibody 



Metjiu" 



Don- 



IFN-7 (pg/rmi)* 
BxPC3 Cai:a"? PT45 



1 209B ?5h S56 '233 

? *370 30 77' 9/3 

3 333/ 'V?7 s36 23C5 

Mr;v * SD 3*3? - 134 3:^ * 3F3 H34 * fif:' *433 * r-/3 

• As :ie!- : r-..'.{;Ci cy IFN y sL.oc f'C E I. ISA 



Table 3. r.tk'cts of Media Cotulttiotu-d h\ I'aturcatie 

<;aamnina (3t-lK on !1. 13 }'r< niuilion In Normal 
IMiMCs stiinulalL'tt uiili SAC 



Donor 



1 

2 
3 

Mean ± SD 1 1 9 r 1 





IL-12 (ng/mir 




Control 


BxPC3 


Capan2 


PT45 


9 9 


4 0 


5 4 


7 0 


13 2 


4 2 


7 9 


10 4 


12 8 


5.0 


90 


1 1 9 



4 4 ±0 5 ; 74 i 1 8 f 97^25 



* As determined by IL-12p40-specific RIA 
'Statistically significant differences (P 0 05 in Student's t- 
tests) of data sels when compared to medium control 



IL-12 when compared to the cytokine patterns obtained 
when using PBMCs from six normal donors. As com- 
pared to normal controls, PBMC preparations from pan- 
creatic carcinoma cells produced, on average, 5.4-fold 
higher levels of IL-4 upon stimulation with anti-CD3 anti- 
body. In contrast, production of IFN-y and IL-12 was 2.7- 
and 9 5-fold lower, respectively, than in controls; the 
differences in cytokine levels were all statistically signifi- 
cant (P < 0 05) These data show a preference for the 
development of a Th2-like response in PBMCs obtained 
from pancreatic carcinoma patients 



Discussion 

The results of this study provide support for the idea that, 
in patients suffering from pancreatic carcinomas, ele- 
vated TGF-/3 and IL-10 serum levels affect systemic im- 
munity in favor of a Th2-like phenotype Overexpression 
of either one of these two cytokines in other tumor types 
has been recognized earlier For example, elevated lev- 
els of TGF-/3 47 have been shown in the sera of breast 
carcinoma patients and of IL-10 ;J!) in the sera of mela- 
noma patients To our knowledge, this is the first report to 
demonstrate abnormally high levels of both IL-10 and 
TGF-/3 in the sera of patients with a solid malignancy. 
Although it was not possible to determine with certainty 
the cellular sources of serum IL-10 and TGF-/3 in the 
pancreatic tumor patients, we consider it likely that at 
least part of the overall serum cytokine activity originated 
in the tumor tissue itself. This conclusion is based on the 
demonstration of 1) TGF-/3 and IL-10 mRNA and protein 
expression in tumor tissues from pancreatic carcinoma 
patients, 2) coexpression and secretion of TGF-/3 and 
IL-10 by 2/3 pancreatic carcinoma cell lines included in 
this study, and 3) significant decreases in IL-10 serum 
levels from 428 to 258 pg/ml and from 127 to 52 pg/ml, 
respectively (results not shown), in two pancreatic carci- 
noma patients within 2 weeks after surgical intervention. 

Earlier studies in syngeneic mouse tumor model sys- 
tems have shown that both TGF-j3 and IL-10, when over- 
expressed by tumor cells, modulate the antitumor im- 
mune response with significant consequences for 
survival and growth of the tumor cells in the host. How- 
ever, whereas TGF-/3 is generally considered to exert 
immunosuppressive effects enabling tumor cells to sur- 
vive in the host, the immunomodulatory role of IL-10 as it 
relates to the antitumor immune response is less clear 
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Specifically, transfection of ultraviolet-induced mouse tu- 
mor cells with TGF-/31 has been shown to reduce the 
capacity of these cells to stimulate cytolytic T-cell re- 
sponses and renders them tumorigenic in vivo n In con- 
trast, high-level IL- 1 0 expression in mouse mammary 
adenocarcinoma cells induced by transfection of an 
IL-10 transgene appears to augment tumor rejection. 4 " A ' :> 
In vitro, TGF-/3 inhibits the growth of NK cells. 34 ' 11 T 
lymphocytes, 1HM; ^ and B lymphocytes, S3 although 
TGF-/3 has also been shown to stimulate the growth and 
differentiation of activated T lymphocytes.'" 1 IL-10 has 
been shown to inhibit the proliferation of T''-' and B lym- 
phocytes^' in certain experimental in vitro settings. How- 
ever, the effect of tumor-derived IL-10 alone and the 
combined effect of IL-10 and TGF-/3 on human PBMC 
proliferation is poorly defined at present. We demonstrate 
that pancreatic carcinoma-derived TGF-/3 and tL-10 co- 
operatively inhibited the proliferation of PBMCs derived 
from normal donors Although the contribution of either 
cytokine to the overall inhibition of DNA synthesis varied 



depending on the pattern of cytokine production by the 
three pancreatic carcinoma cell lines investigated, either 
IL-10 alone or IL-10 in combination with TGF-J3 was the 
main cytokine responsible for the PBMC growth-inhibitory 
activity present in pancreatic carcinoma CM. This con- 
clusion is supported by the capacity of neutralizing anti- 
bodies to these two cytokines to reverse growth inhibition 
of PBMCs by pancreatic carcinoma CM In contrast to 
their antiproliferative activity, we observed no significant 
effects of pancreatic carcinoma CM on LAK activity gen- 
erated in PBMCs from normal donors This result is con- 
sistent with earlier observations that TGF-/3 1 M and IL- 
10'" 1 only weakly inhibit the cytotoxic activity of LAK cells 
Taken together, these results suggested that IL-10 and 
TGF-/3 produced by pancreatic carcinoma eel's can in- 
fluence the nature of the antitumor immune response by 
inhibiting the expansion of immune effector cells 

In addition to suppression of PBMC proliferation, we 
observed inhibitory effects of pancreatic carcinoma CM 
on PBMC cytokine production upon unspecific antigenic 
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Table 4. Dt'lt-'rnim.ilioii < >t 11)1 jik! Th2-( a u >knu- I'-KIlth^ m ! J Ii.Mc;> ot I'.iiiL'iiis with P.uk tlmik ('..irdrumu 



Case 



Normal donors 
1 

2 
3 
4 



Mean ± SD 



IFN-y (pg/ml) 



1540 
1G00 
1899 
?120 
2080 
1343 
1764 - 316 



IL-12 (ng/ml) 



9 86 
1085 
12 58 
11.30 
13.20 
10 24 
1 1.338 - 1 314 



tL-4 (pg/ml) 

11b 

96 
15 8 
9 

17.3 
68 
11 7 t 4.1 



Pancreatic carcinoma patients 
1 
4 
5 
6 



10 

Mean 



SD 



409 
598 
936 
420 
658 
886 
651 r 224* 



0 67 

1 10 
0 92 

0 50 

1 35 

2 62 
1.194 ~ 0.761* 



35 6 
45 7 
396 
1105 
62.7 
87 4 
63.6 ± 29 f 



PBMCs from norma' doners and pancreatic carcinoma patients were stimu-ated wsth ant:-CD3 ant oooy (IFN-?/IL 4) or SAC (IL-12) as aescibed in 
Materia? and Metrods. to. owed by determination of the cytokine eve by F- LISA (irN->/IL-4) or RIA (IL-i2p40) n ce!i-free supematants Asterisks 
■-dicato statistical significant d fVences (P «' C 05 in Student s f -tests) cf data sets when comca-ed win control data sets obtained using PBMCs 
f r om •■o'mal donors 



stimulation We focused this investigation on the modu- 
lation of IL-12 and IFN-y production, based on the rele- 
vance of these two cytokines to the development of T- 
lymphocyte-mediated adaptive immunity, which is 
thought to be important for immunological tumor rejec- 
tion. As in the case of PBMC proliferation, we observed 
that TGF-/3 and IL-10 contained in Capan2 and BxPC3 
CM cooperatively inhibited IL-12 and IFN-y production 
induced by either SAC or anti-CD3 antibody. The contri- 
bution of TGF-/3 to the suppression of IL-12 production 
was marginal, as demonstrated by the comparably small 
effects of neutralizing anti-TGF-j3 antibody, whereas the 
anti-IL-10 antibody alone was sufficient to neutralize the 
inhibitory effect of Capan2 and BxPC3 CM on IL-12 pro- 
duction by PBMCs. Interestingly, anti-IL-10 treatment 
also reversed some of the effect of PT45 CM on IL-12 
production by PBMCs. although PT45 cells did not ex- 
press IL-10 mRNA or secreted IL-10 in measurable quan- 
tities. We consider the effect of the anti-IL-10 antibody in 
the absence of tumor-derived IL-10 to reflect the neutral- 
ization of PBMC-derived IL-10. This interpretation is sup- 
ported by the finding that the anti-IL-10 antibody in the 
absence of pancreatic carcinoma CM increased IL-12 
production four-fold, presumably by neutralizing IL-10 
derived from PBMCs themselves Note that treatment 
with the anti-IL-10 antibody did not completely restore 
IL-12 production to control levels in 2/3 PBMC prepara^ 
tions exposed to PT45 CM, suggesting the presence of 
yet another activity unrelated to either IL-10 or TGF-p that 
reduces IL-12 production by PBMCs. This activity is not 
likely to be prostaglandin E ? (PGE^), which has recently 
been reported to be produced by tumor cells' 1 * 1 and to 
induce Th2 cytokine patterns/ 7 as the pancreatic carci- 
noma CM used contained very low PGE, levels f<25 
pg/ml) At this concentration range PGE V reportedly has 
no effect on cytokine production by PBMCs' !t ' or CD4 - T 
cells ! "' 

The strong inhibitory effects of pancreatic carcinoma- 
derived IL-10 on the production of the Th1 cytokines 



IL-12 and IFN-y in naive PBMCs suggested that elevated 
serum levels of IL-10 in pancreatic carcinoma patients 
could also affect T-lymphocyte responses in PBMCs de- 
rived from these patients. As expected, we found a pre- 
dominant Th2-like phenotype that develops upon stimu- 
lation of PBMCs from pancreatic carcinoma patients with 
either anti-CD3 antibody or SAC. Specifically, production 
of IL-12 and IFN-y was significantly lower in all PBMC 
preparations from pancreatic carcinoma patients when 
compared to controls. This effect was most obvious in the 
case of IL-12 in that IL-12 levels amounted to less than 
10% of controls in 5/6 PBMC preparations from tumor 
patients. Furthermore, the low levels of Th1 cytokine pro- 
duction in all six tumor patients were associated with 
significantly higher levels of the Th2 cytokine IL-4. These 
results demonstrate that PBMC preparations of pancre- 
atic carcinoma patients are primed to develop a Th2-tike 
rather than a Th 1 -like response upon antigenic stimula- 
tion. A preponderance of Th2 cytokine production has 
commonly been observed in mouse tumor models 41 ' and 
has also recently been described in association with 
human tumors, including colorectal carcinoma, 1 '" and in 
biopsy specimens of human basal cell carcinoma but not 
benign hyperproliferative lesions of the epidermis/"' Our 
findings are consistent with the conclusion that, in pan- 
creatic carcinoma patients, tumor-derived TGF-/3 and 
IL-10 similarly contribute to systemic Th2-type immune 
responses Experiments are currently under way to de- 
termine whether this observation extends to specific T- 
cell responses to recall antigens. 

The functional consequences of a predominant Th2- 
like cytokine profile for antitumor immunity in pancreatic 
carcinoma patients are not known. In experimental mod- 
els both Th 1 (II -2 11-1?) and Th2 (IL-4. IL-10) cytokines, 
when administered as vaccine adjuvants, have been 
shown to induce protective immune responses to malig- 
nant tumors. ''^ ' ' These results support the conclusion 
that both Th 1 and Th2 cells participate in generating 
effective antitumor immunity However, at least one study 
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suggests that an excessive, vaccine-induced Th2 cyto- 
kine pattern is associated with poor protection against 
malignant tumors.'" 1 In this study, the efficacy of different 
vaccine preparations containing a peptide sequence 
within the mammary mucin MUC1 were explored in a 
mouse tumor model consisting of human mucin (MUC1) 
expressed in murine BALB/c 3T3 cells The capacity of 
vaccine preparations containing MUC1 expressed on tu- 
mor cells, MUC1 -containing synthetic peptides, MUC1 
fusion proteins, or natural mucin (HMFG) to induce pro- 
tective immunity was tested. Immunization with whole 
cells expressing MUC1 induced predominantly Th 1 im- 
mune responses associated with protective immunity. In 
contrast, vaccine preparations containing soluble syn- 
thetic or native materials provided poor protection asso- 
ciated with the development of prominent Th2 responses 
It remains to be investigated whether aberrant Th2 im- 
mune responses induced by tumor-derived IL-10 and 
TGF-/3 in patients serve to protect tumor cells from effec- 
tive antitumor immunity. 
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